Abstract. Sessile serrated adenoma (SSA) is a proposed precursor of colorectal carcinogenesis. This study aimed to analyze the potential of endoscopy to discriminate SSA from other serrated lesions, specifically traditional serrated adenoma (TSA) and hyperplastic polyp (HP). Of 145 serrated lesions, 111 sessile serrated lesions including 32 TSAs, 25 SSAs and 54 HPs were analyzed for size, color, location and morphologic features using conventional endoscopy and magnifying chromoendoscopy. SSA was preferentially located in the right colon, whereas TSA and HP were located in the left colon. The sizes of SSA and TSA were larger than those of HP. The lesion color was indistinguishable among TSA, SSA and HP. Macroscopically, a pinecone-like or twotier raised appearance were found more frequently in TSA than in SAA and HP. Under magnified chromoendoscopic observation, the stellar III L pit pattern and fern-like appearance were observed more frequently in TSA than in SAA and HP. In conclusion, endoscopic discrimination between SSA and other sessile serrated lesions based on morphological features was difficult. However, size and location of the lesions facilitated diagnosis.
Introduction
Serrated polyps of the colorectum have been the focus of critical reappraisal and intense study in recent years. Previously, the majority of serrated, non-adenomatous polyps were diagnosed as hyperplastic polyps (HPs) and treated as innocuous, benign lesions (1) . Subsequently, HP was implicated in the development of colorectal cancer through a putative HP-serrated adenoma-colorectal cancer sequence. At present, the serrated polyps are regarded as heterogeneous lesions with several histological subtypes, including HP, traditional serrated adenoma (TSA) and sessile serrated adenoma (SSA) (2, 3) .
Mounting evidence shows that SSA may be the precursor lesion through the previously described 'serrated pathway' of colorectal carcinogenesis (4) , and some investigators recommend that SSA should be clinically managed in a similar manner to conventional adenomas (5) . A greater frequency of microsatellite instability has been shown in SSA versus HP or TSA (6) . SSA shows a higher frequency of CpG island methylation than conventional HP (7), while showing a higher frequency of BRAF gene mutations and a lower frequency of K-ras gene mutations versus conventional adenoma (8, 9) . Thus, reliable identification of SSA and its differentiation from other serrated lesions, such as HP and TSA, has important clinical implications and may condition therapeutic attitudes and endoscopic follow-up.
Colonoscopy is the only technique currently available that offers the potential to detect and remove colorectal lesions throughout the large intestine. Some authors previously reported the endoscopic features of TSA and HP (10) (11) (12) (13) . However, the endoscopic features of SSA have yet to be established. This study aimed to compare the endoscopic features of the three sessile serrated lesions, TSA, SSA and HP, and to determine whether SSA can be distinguished from other serrated lesions.
Materials and methods
Patient selection and study design. The present study was a retrospective analysis of a cohort of 101 patients (73 males and 28 females with a mean age of 62.5 years) who underwent total colonoscopy at the Kurume University Hospital, Japan, between January 2005 and September 2008 and were found to have 141 histologically proven serrated lesions. Of the 141 serrated lesions, 34 were found to be of the protruded form and 107 were of the sessile form (Table I) Conventional endoscopic analysis. Images were evaluated by three endoscopists. Conventional endoscopic findings were classified based on size, color, location and macroscopic appearance, including pinecone-like appearance (13) (Fig. 1A ) and two-tier raised appearance (Fig. 1B) , both of which are characteristic of TSA. The two terms were determined after reviewing the images.
Pit pattern analysis. Using magnifying chromoendoscopy, pit patterns were classified based on the classification of Kudo et al (14) and Tsuruta et al (15) . Type I are regular round crypts, type II are stellar or papillary crypts, type III are small tubular or roundish crypts (III S ) or large tubular or roundish crypts (III L ), type IV consists of branch-or gyrus-like crypts, and type V consists of irregular crypts (V I ) or non-structural crypts (V N ). V I was further divided into the well-demarcated subtype (showing clear pit contours) or the poorly demarcated subtype (without clear pit contours). Although not included in the above pit pattern classification, we also examined the presence of the stellar III L pit pattern ( Fig. 2A ) and fern-like appearance (13) (Fig. 2B ), which are characteristic pit patterns of TSA.
Histopathological analysis. Tissues were fixed in formalin and embedded in paraffin. Sections (4 µm) were stained with hematoxylin and eosin (H&E). Two gastrointestinal pathologists blinded to the clinical and demographic data classified each lesion as HP, SSA or TSA based on the criteria established by Torlakovic et al (2, 16, 17) and other authors (1,5,18). Lesions diagnosed as 'mixed' HP-tubular adenoma or SSA-tubular adenoma were excluded. The conventional criteria for HP included narrow straight crypts with a normal distribution of the proliferative zone in the base of the crypts with uniform maturation and serration toward the lumen of the colorectum. SSA was defined by architectural distortion with irregular dilated crypts, including dilatation of the base of the crypts that often have a boot-, L-or inverted T-shape; serration at the base of the crypts; and abnormal proliferation and maturation with mature goblet or foveolar cells at the base of the crypts. TSA was defined by an overall protuberant growth pattern with elongated viliform projections lined with atypical cells that exhibited elongated nuclei and eosinophilic cytoplasm. Representative histological features of each type of sessile serrated lesion are shown in Fig. 3 .
Statistical analysis. The results were analyzed using SPSS statistical software. Size was expressed as the means ± standard error (SE Table I shows the relationship between overall shape and the histological type of the serrated colorectal lesions. Of the 141 lesions in total, 34 were found to be protruded lesions and 107 sessile lesions. In the protruded lesions, TSA was found in 82% and HP in 18% of lesions. In the sessile lesions, HP was found in 50%, TSA in 29% and SSA in 22% of lesions. Of the protruded and sessile serrated lesions, the cancer component (intramucosal cancer) was present in 3.4% (2/59) of TSA, 13.6% (3/22) of SSA and 0% (0/60) of HP.
Results
The association between clinicopathological variables and type of sessile lesion is shown in Fig. 4 . Lesion size in TSA and SSA was larger than that of HP, with the mean values being 13.0, 14.2 and 6.2 mm, respectively (p<0.01). Lesion size in TSA was comparable with that in SSA. Although the reddish lesion tended to increase in size in TSA, no significant difference in color was found between TSA, SSA and HP. Notably, SSA was preferentially located in the right colon compared with the left colon (81.8 versus 18.2%), whereas TSA and HP were located in the left colon as compared with the right colon (61.3 versus 41.9%, and 55.6 versus 44.4%, respectively).
With regard to the macroscopic features (Fig. 5) , the pinecone-like appearance was observed preferentially in TSA (12.9%) compared with SSA (0%, p=0.0259) and HP (1.9%, p=0.0259). Similarly, the two-tier raised appearance HP, hyperplastic polyp; SSA, sessile serrated adenoma; TSA, traditional serrated adenoma. In the protruded lesion, the cancer component was included in 1 case of TSA, but none were included in HP. In the sessile lesion, the cancer component was included in 1 case of TSA and in 3 cases of SSA, but none were included in HP.
was found more frequently in TSA (38.7%) than SSA (9.1%, p=0.0257) and HP (1.9%, p<0.0001). The ability to distinguish the type of sessile lesions by magnifying chromoendoscopy was investigated based on the pit pattern classification (Fig. 6) . Information was available for a total of 33 lesions. In HP, 75.0% of the lesions were III L pit and 25.0% II pit; in SSA, 72.7% were III L pit and 27.3% II pit; and in TSA, 100% were III L pit. However, the difference in pit patterns among TSA, SSA and HP was not statistically significant. In addition, III L pit in the three types of lesions was associated with the stellar pit in addition to the typical III L pit observed in tubular adenomas (termed stellar III L pit). Although not documented in the original pit pattern classification, the fern-like appearance, a unique pit for TSA, was observed more frequently in TSA (90%) than in SSA (36.4%, p=0.0237) and HP (8.3%, p=0.0003). In addition, intramucosal cancer, which was present in a small proportion of TSA and SSA lesions, was not detectable macroscopically during endoscopy.
Discussion
The hypothesis of a serrated carcinogenetic pathway has been increasingly accepted (5, 19) . Based on this hypothesis, a group of sporadic colorectal cancers are capable of originating in serrated lesions, mainly SSA. Approximately 8-15% of all colorectal cancers may have originated from SSA (20) . Therefore, it is important to accurately identify SSA and differentiate it from those lesions with less malignant potential, such as HP and TSA. As such, we investigated the endoscopic appearance of sessile serrated lesions and determined for the first time whether SSA can be distinguished from other serrated lesions.
First, the association between incidence of cancer and type of serrated lesion was investigated. Notably, of all the protruded or sessile serrated lesions, the cancer component was detected more frequently in SSA (13.6%) than TSA (3.4%) and HP (0%), supporting the hypothesis that SSA, rather than TSA and HP, possesses a significant risk of subsequent colorectal cancer 
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development. However, the retrospective nature of this study renders it difficult to draw satisfactory results as reliable as those that may have been achieved from a prospective study. We therefore believe that the main results of this study are plausible and at least show that additional prospective studies are required. With regard to the clinicopathological features, the size of the lesions was larger in SSA and TSA than in HP (mean size 14.2, 13.0 and 6.2 mm, respectively). Notably, SSA was located predominantly in the right colon, whereas HP and TSA were located in the left colon. These data were in agreement with previous studies, showing that SSA is larger than 10 mm in size and is confined to the right colon (2, 18) . No color difference was found between TSA, SSA and HP. A lesion size larger than 10 mm and location in the right colon may represent criteria that facilitate distinguishing SSA from other serrated lesions.
For the macroscopic features, Sano et al have documented the pinecone-like appearance as a characteristic feature of TSA (13) . In the present study, this feature was observed at a frequency of 12.9% in TSA, but was rarely observed in SSA and HP (0 and 1.9%, respectively), which clearly supports the findings of Sano et al. Notably, the two-tier raised appearance, which is a new finding that has not previously been reported, was observed at a frequency of 38.7% in TSA but less frequently in SSA (9.1%) and HP (1.9%), indicating another possible feature of TSA. Although not so frequently observed, TSA has certain unique features that differentiate it from other serrated lesions. However, no such features were found for SSA using this approach.
Magnifying chromoendoscopy offers detailed analysis of the morphologic architecture of mucosal crypt orifices based on the pit pattern classification. However, HP, SSA and TSA were indistinguishable by this pattern of classification since all three lesions had II or stellar III L pit patterns with similar populations. A previous report proposed that a fern-like appearance was characteristic of TSA with a high diagnostic accuracy (13) . Results of the present study demonstrated that the fern-like appearance was observed at a frequency of 90.0% in TSA, 36.4% in SSA and 8.3% in HP. In SSA, the serrated architecture is apparent in the basilar, but not the upper crypt regions (2, 16, 17) , rendering it difficult to obtain the characteristic pit pattern as observed in TSA. However, the pit pattern was only assessed in 33 lesions of our cohort, making the statistical analysis somewhat imprecise. Further studies in a larger number of serrated colorectal lesions are required.
This study is the first to examine the endoscopic features of SSA. Although not so accurate, we have found that the endoscopic discrimination of TSA was, to some extent, (10) (11) (12) (13) . In contrast, discrimination of SSA from other serrated lesions may be difficult, although it is facilitated by its larger size and preferential location in the right colon. Recently developed imaging technology, such as narrow-band or autofluorescence imaging (21) , may improve or mitigate this limitation and produce high diagnostic accuracy in differentiating serrated lesions.
Although our results were somewhat beneficial, a limitation of this study was that its design constituted of a retrospective single-center analysis comprised exclusively of Japanese patients. Therefore, our findings cannot be generalized to other institutes or other ethnic groups. Consequently, investigation into the context of multiple populations of patients and ethnic groups should be conducted, particularly in prospective studies.
In conclusion, endoscopic discrimination between SSA and other sessile serrated lesions based on morphological features was difficult. However, the size and location of the lesions facilitated diagnosis.
